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(57) ABSTRACT

Systems and methods for location reporting of detected
events during vehicle operation in accordance embodiments
of the invention are disclosed. In one embodiment of the
invention, an event reporting telematics unit configured to
report the location of events includes a first sensor configured
to determine sensor information, a storage device configured
to store sensor information and an event reporting applica-
tion, and a processor, wherein the event reporting application
configures the processor to receive a first sensor information
using the first sensor, calculate a first sensor information
timestamp, where the first sensor information timestamp is
associated with the first sensor information, determine the
occurrence of a vehicle event, complete the determination of
the vehicle event, correlate the first sensor information with
the determined event using the first sensor information times-
tamp, and determine the time corresponding to the beginning
of the determined event.

20 Claims, 6 Drawing Sheets

100
/

/

120 -7

110




US 9,406,222 B2
Page 2

(56)

References Cited

U.S. PATENT DOCUMENTS

2007/0027612 Al*
2008/0111666 Al*

2008/0195261 Al
2008/0211914 Al*

2/2007 Barfoot etal. ................ 701/117
5/2008 Plante .................... GO7C 5/008
340/425.5

8/2008 Breed
9/2008 Herreraetal. ................ 348/148

2010/0039247 Al*

2010/0279647 Al*
2011/0060496 Al*

2011/0106373 Al
2013/0073142 Al

* cited by examiner

2/2010

11/2010
3/2011

5/2011
3/2013

Ziegler ..o GO7C 3/00
340/436
Jacobs etal. .............. 455/404.1
Nielsen .............. G06Q 10/0631
701/31.4
Hergesheimer et al.

Hergesheimer et al.



U.S. Patent Aug. 2, 2016 Sheet 1 of 6 US 9,406,222 B2

100

140

FIG. 1

Y4
S
o
>
[}
zZ




US 9,406,222 B2

Sheet 2 of 6

Aug. 2, 2016

U.S. Patent

¢ 9l

AR
efeinig
AR
............................. BDBLIBILY
e 10858904 | UODESIUNWWOT
OW‘N ““““““““““““““““““““““ ; \\
w1z
| 5108U9G SIOMBA |  osueg |
L jeuocmippy | BB 1SHS
. | | P |
\\ ,1\\
0eg 0ce

/ 062



U.S. Patent

300 .
\‘
\‘
\‘
\J

Aug. 2, 2016

Sheet 3 of 6 US 9,406,222 B2

Start

Raceive Factors

Begin Event Detection

Complete BEvent Detection

Correlate Factors

Determine Event Start

) 4

Complete

FIG. 3



U.S. Patent Aug. 2, 2016 Sheet 4 of 6 US 9,406,222 B2

400 . :
N 7 N
N Start )
\ N /
410 . 4
| Detect Acceleration Exceeding
Threshold
412 4
- Determine Location Information
414 !
Determine Speed Information
416 ,
" Determine Heading Information
418 . v
\\ Detect Acceleration Within
Threshold
420 .

AN Calculate Acceleration Duration

422 -
‘. Acceleration Duration ™~
" within Duration Window?
424 ves
™,
N No

Generate Event Report

v

. Complete [

FIG. 4



U.S. Patent Aug. 2, 2016 Sheet 5 of 6 US 9,406,222 B2

500 .
N

{ Start )

510 -

A 4

Detect Input or Qutput (/O)
Change

512 |

Detact BEvent

514

4

Determine Event Completion

“\__—Event Related to 0
e Change?

516

\XXT//

Yes
518 L v

\ Correlate /O with Event

y

Complete DI

FIG. 5



U.S. Patent Aug. 2, 2016 Sheet 6 of 6 US 9,406,222 B2
600
\\
- ™
Start
" | ./
E Detect Sudden Stop
812 . v
Detect Crash Information
614 N v
Determine Collision Event
616 \\ v
~.| Correlate Event with Sudden
Stop
' N
Complete j’)
e

FIG. 6



US 9,406,222 B2

1
SYSTEMS AND METHODS FOR LOCATION
REPORTING OF DETECTED EVENTS IN
VEHICLE OPERATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Patent Application No. 61/715,715, filedon Oct. 18,2012, the
disclosure of which is hereby incorporated by reference in its
entirety.

FIELD OF THE INVENTION

The present invention is generally related to event detec-
tion in vehicle operation and more specifically to accurately
reporting the location of the vehicle at the time the detected
event begins.

BACKGROUND OF THE INVENTION

A Global Positioning System (GPS) is a space-based glo-
bal navigation satellite system that utilizes a network of geo-
synchronous satellites that can be utilized by a GPS receiver
to determine its location. Many telematics systems incorpo-
rate a Global Positioning System (GPS) receiver, which can
be used to obtain the location of a vehicle at a certain mea-
sured time. By comparing the location of a vehicle at a plu-
rality of measured times, the speed of the vehicle can be
determined. The acceleration of the vehicle can be deter-
mined as the change in speed divided by the time between the
measurements. A GPS receiver’s ability to determine accel-
eration can be limited due to the dependence of the measure-
ment upon factors such as reception and satellite availability.
In addition to location information, a GPS receiver can also be
configured to provide time data.

Telematics is the integrated use of telecommunications and
informatics. Telematics units are installed in vehicles to pro-
vide a variety of telematics functionality in the vehicle. This
functionality includes, but is not limited to, emergency warn-
ing systems, navigation functionality, safety warnings, and
automated driving assistance. Telematics units are also
capable of recording data related to the operation of the
vehicle and providing that information for analysis, whether
in real-time or during a time when the vehicle is being ser-
viced. This information can be used in a variety of applica-
tions, such as fleet tracking, shipment tracking, insurance
calculations, and in vehicle management and service.

SUMMARY OF THE INVENTION

Systems and methods for location reporting of detected
events during vehicle operation in accordance embodiments
of the invention are disclosed. In one embodiment of the
invention, an event reporting telematics unit configured to
report the location of events includes a first sensor configured
to determine sensor information, a storage device configured
to store sensor information and an event reporting applica-
tion, and a processor, wherein the event reporting application
configures the processor to receive a first sensor information
using the first sensor, calculate a first sensor information
timestamp, where the first sensor information timestamp is
associated with the first sensor information, determine the
occurrence of a vehicle event, complete the determination of
the vehicle event, correlate the first sensor information with
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the determined event using the first sensor information times-
tamp, and determine the time corresponding to the beginning
of the determined event.

In an additional embodiment of the invention, the event
reporting telematics unit includes a second sensor configured
to determine sensor information and the event reporting
application further configures the processor to receive a sec-
ond sensor information using the second sensor, calculate a
second sensor information timestamp, where the second sen-
sor information timestamp is associated with the second sen-
sor information, and correlate the second sensor information
with the determined event using the second sensor informa-
tion timestamp.

In another embodiment of the invention, the event report-
ing application further configures the processor to determine
the location corresponding to the beginning of the vehicle
event using the information selected from the group including
the first sensor information timestamp and the second sensor
information timestamp.

In yet another additional embodiment of the invention, the
first vehicle sensor and the second vehicle sensor are selected
from the group including an accelerometer, an airbag deploy-
ment sensor, a vibration sensor, a compass, a voltage measur-
ing sensor, a resistance measuring sensor, a current measuring
sensor, an impact sensor, and a temperature sensor.

In still another additional embodiment of the invention, the
event reporting telematics unit further includes a Global Posi-
tioning System (GPS) receiver and the event reporting appli-
cation further configures the processor to determine a first
location using the GPS receiver, calculate a first location
timestamp, where the first location timestamp is associated
with the determined first location, and determine the location
corresponding to the beginning of the determined event using
the first location and the first location timestamp.

Inyet still another additional embodiment of the invention,
the event reporting application further configures the proces-
sor to determine the location corresponding to the beginning
of the determined event by performing a dead reckoning
process using the first location, the first location timestamp,
the first sensor information, and the first sensor information
timestamp.

In yet another embodiment of the invention, the event
reporting application further configures the processor to
determine a plurality of locations using the GPS receiver,
calculate a plurality of location timestamps corresponding to
one or more of the plurality of locations, and estimate the
location corresponding to the beginning of the determined
event using at least one of the plurality of location timestamps
and at least one of the plurality of locations.

In still another embodiment of the invention, the event
reporting application further configures the processor to
determine the location corresponding to the beginning of the
determined event using the first location timestamp and at
least one of the plurality of location timestamps.

In yet still another embodiment of the invention, the event
reporting application further configures the processor to cal-
culate the first sensor information timestamp when the first
sensor information exceeds a threshold value.

In yet another additional embodiment of the invention, the
event reporting telematics unit further includes a communi-
cations device and the event reporting application further
configures the processor to transmit the determined vehicle
event using the communications device.

Still another embodiment of the invention includes a
method for reporting the location of detected events including
receiving a first sensor information using an event reporting
telematics unit, calculating a first sensor information times-
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tamp using the event reporting telematics unit, where the first
sensor information timestamp is associated with the first sen-
sor information, determining the occurrence of a vehicle
event using the event reporting telematics unit, completing
the determination of the vehicle event using the event report-
ing telematics unit, correlating the first sensor information
with the determined event using the first sensor information
timestamp and the event reporting telematics unit, and deter-
mining the beginning of the vehicle event using the event
reporting telematics unit.

In yet another additional embodiment of the invention,
reporting the location of detected events further includes
receiving a second sensor information using the event report-
ing telematics unit, calculating a second sensor information
timestamp using the event reporting telematics unit, where
the second sensor information timestamp is associated with
the second sensor information, and correlating the second
sensor information with the determined event using the sec-
ond sensor information timestamp and the event reporting
telematics unit.

In still another additional embodiment of the invention,
reporting the location of detected events further includes
determining the location corresponding to the beginning of
the vehicle event using the information selected from the
group including the first sensor information timestamp and
the second sensor information timestamp.

Inyet still another additional embodiment of the invention,
the first vehicle sensor and the second vehicle sensor are
selected from the group including an accelerometer, an airbag
deployment sensor, a vibration sensor, a compass, a voltage
measuring sensor, a resistance measuring sensor, a current
measuring sensor, an impact sensor, and a temperature sensor.

In yet another embodiment of the invention, reporting the
location of detected events further includes determining a first
location using the event reporting telematics unit, calculating
afirst location timestamp using the event reporting telematics
unit, where the first location timestamp is associated with the
determined first location, and determining the location corre-
sponding to the beginning of the determined event using the
first location, the first location timestamp, and the event
reporting telematics unit.

In still another embodiment of the invention, reporting the
location of detected events further includes determining the
location corresponding to the beginning of the determined
event by performing a dead reckoning process using the first
location, the first location timestamp, the first sensor infor-
mation, the first sensor information timestamp, and the event
reporting telematics unit.

In yet still another embodiment of the invention, reporting
the location of detected events further includes determining a
plurality of locations using the event reporting telematics
unit, calculating a plurality of location timestamps corre-
sponding to one or more of the plurality of locations using the
event reporting telematics unit, and estimating the location
corresponding to the beginning of the determined event using
atleast one of the plurality of location timestamps, at least one
of'the plurality of locations, and the event reporting telematics
unit.

In yet another additional embodiment of the invention,
reporting the location of detected events further includes
determining the location corresponding to the beginning of
the determined event using the first location timestamp, at
least one of the plurality of location timestamps, and the event
reporting telematics unit.

In still another additional embodiment of the invention,
reporting the location of detected events further includes cal-
culating the first sensor information timestamp using the
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event reporting telematics unit when the first sensor informa-
tion exceeds a threshold value.

Inyet still another additional embodiment of the invention,
reporting the location of detected events further includes
transmitting the determined vehicle event using the event
reporting telematics unit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 conceptually illustrates a telematics system with a
vehicle including an event reporting telematics unit in accor-
dance with an embodiment of the invention.

FIG. 2 conceptually illustrates an event reporting telemat-
ics unit configured to perform location reporting of detected
events in accordance with an embodiment of the invention.

FIG. 3 is a flow chart illustrating a process for location
reporting of detected events in vehicle operation in accor-
dance with an embodiment of the invention.

FIG. 4 is a flow chart illustrating a process for reporting
detected events based upon acceleration of a vehicle in accor-
dance with an embodiment of the invention.

FIG. 5 is a flow chart illustrating a process for correlating
an input change to a detected event in accordance with an
embodiment of the invention.

FIG. 6 is a flow chart illustrating a process for collision
detection in accordance with an embodiment of the invention.

DETAILED DESCRIPTION

Turning now to the drawings, systems and methods for
reporting the location of detected events during the operation
of'avehicle in accordance with embodiments of the invention
are illustrated. Information related to the operation of a
vehicle, including information concerning vehicle speed and
acceleration, provides insight into driver behavior. Driver
behaviors include, but are not limited to, performing hard
cornering, excessive speeding, and suddenly stopping while
driving. Vehicle behaviors include, but are not limited to,
ignition detection, engine performance, braking perfor-
mance, fuel economy, the location of the vehicle, the speed of
the vehicle, and emission information.

In accordance with many embodiments of the invention,
vehicle speed can be calculated using information provided
by a Global Position System (GPS) receiver by dividing the
distance traveled by the GPS receiver by the time between
measurements taken by the GPS receiver. In several embodi-
ments, the GPS receiver is configured to determine velocity
information using the signals received by the GPS receiver. A
GPS receiver can determine velocity information in a variety
of ways in accordance with embodiments of the invention,
including, but not limited to, measuring the Doppler shift of
the received signals. The differences in vehicle speed
between measurements taken by the GPS receiver can be used
to determine acceleration information for the vehicle. GPS
receivers are also capable of determining the location of a
vehicle and/or the heading ofthe vehicle utilizing the received
signals.

A variety of devices other than GPS receivers can be uti-
lized in vehicles to determine information related to the
vehicle, such as speed, acceleration, and heading. For
example, acceleration information for a vehicle can be mea-
sured using an accelerometer, which are often installed on a
vehicle or mobile device. Heading information can be deter-
mined using a compass. Vibration information can be deter-
mined using acceleration information taken using an accel-
eration sensor. Systems and methods for calibrating a 3-axis
accelerometer which can be utilized to determine vibration
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information in accordance with a variety of embodiments of
the invention is disclosed in U.S. patent application Ser. No.
13/622,844, titled “Systems and Methods for 3-Axis Accel-
erometer Calibration” and filed Sep. 19, 2012, the entirety of
which is hereby incorporated by reference. Other devices not
specifically described above can be utilized to measure or
detect information relevant to the operation of a vehicle in
accordance with embodiments of the invention. In several
embodiments, the measured and/or detected information is
utilized to detect events occurring in the operation of the
vehicle.

Event reporting telematics units in accordance with
embodiments of the invention are configured to measure and
record a variety of data, such as, but not limited to, speed,
acceleration, location, and heading information. This data can
be processed in order to detect events regarding the operation
of the vehicle, both to determine the behavior of the vehicle
itself and the behavior of the driver of the vehicle. However,
the detected events can occur over a period of time; likewise,
the data corresponding to the detected event also spans a
period of time. With traditional telematics units, this can
result in certain data, such as the location of the vehicle when
the detected event begins, not being available, or not being
accurately reported as part of the information captured by the
event reporting telematics unit. In many embodiments, event
reporting telematics units are configured to record informa-
tion captured during the operation of a vehicle and store the
information for later processing, including detecting the
occurrence of events and determining the location for the
beginning of the event using the recorded data. In a variety of
embodiments, event reporting telematics units are configured
to detect events and/or determine the location of the detected
event in real time. In several embodiments, event reporting
telematics units are configured to transmit the recorded data,
either in real-time or after the data has been recorded, to a
remote server system for processing. Event reporting telemat-
ics units in accordance with embodiments of the invention are
configured to determine when a detectable event is occurring
and record the location of the vehicle at the start of the
detected event. In several embodiments, event reporting
telematics units are configured to determine the location of
the vehicle at the start of the detected event by filtering data
received by the event reporting telematics unit. In a number of
embodiments, event reporting telematics units associate time
information with the location of the vehicle.

In many embodiments of the invention, event reporting
telematics units are configured to detect a plurality of events,
where each event can have its own set of measured informa-
tion indicating that the event has occurred. In a variety of
embodiments, event reporting telematics units associate
timestamps indicating the time the event is detected with the
event. The parameters of the set of measured information can
be stored by the event reporting telematics unit in a variety of
ways, including, but not limited to, event detection profiles. In
a number of embodiments, event reporting telematics units
are configured to collect information and report events on the
event reporting telematics unit itself. In several embodiments,
event reporting telematics units are configured to record the
data to be later transmitted and processed using a different
computing device, such as a server system or a technician’s
service computer.

Systems and methods for event reporting telematics units
and determining the location of detected events in the opera-
tion of a vehicle in accordance with embodiments of the
invention are discussed further below.
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Telematics System Overview

Event reporting telematics units are installed in vehicles to
measure and record the behavior of the vehicle in operation.
A conceptual illustration of a vehicle with an event reporting
telematics unit installed is conceptually illustrated in FIG. 1.
The telematics system 100 includes a vehicle 110 with an
installed event reporting telematics unit. The vehicle 110 can
receive signals from GPS satellites 120 received using a GPS
receiver in the event reporting telematics unit and can com-
municate with server systems 130 and/or a service computer
132 using the event reporting telematics unit.

In many embodiments, the event reporting telematics unit
installed in vehicle 110 contains a GPS receiver. In these
embodiments, the vehicle 110 can receive signals from GPS
satellites 120 in order to determine the location, speed, and/or
heading of'the vehicle 110. In several embodiments, the event
reporting telematics unit is configured to determine location
using a location reporting device other than a GPS receiver,
such as, but not limited to, using cellular tower triangulation
to determine the location of the vehicle 110. Similarly, speed
information can be determined using accelerometers or other
speed detection devices, while heading information can be
determined using a compass or other heading detection
device in accordance with a number of embodiments of the
invention.

In several embodiments, the event reporting telematics unit
installed in the vehicle 110 is configured to upload data to a
server system 130 and/or service computer 132. The vehicle
110 can transmit data to the server system 130 and/or service
computer 132 in a variety of ways, such as via a cellular data
connection or via a wireless or wired network connection. In
a number of embodiments, the vehicle transmits data to the
server system 130 and/or service computer via a direct con-
nection. In a variety of embodiments, the vehicle is config-
ured to transmit data to the server system 130 and/or service
computer 132 via a network 140, such as the Internet. A
number of networks may be utilized in accordance with the
requirements of embodiments of the invention. In many
embodiments, the vehicle 110 is configured to transmit data
to the server system 130 and/or service computer 132 via a
vehicle data bus. In a number of embodiments, server system
130 and/or service computer 132 are configured to detect
events using the data recorded using the event reporting
telematics unit. In many embodiments, the vehicle 110 is
configured to transmit detected events to the server system
130 and/or service computer 132. In several embodiments,
the vehicle 110 receives event detection profiles via the server
system 130 and/or service computer 132. The vehicle 110
utilizes these event detection profiles to configure the event
reporting telematics unit installed in the vehicle 110 to detect
the events defined in the received profiles.

Telematics systems in accordance with embodiments of
the invention are described above with respect to FIG. 1;
however, a variety of telematics systems can be utilized in
accordance with embodiments of the invention. Systems and
methods for location reporting of vehicular events using event
reporting telematics units in accordance with embodiments of
the invention are described below.

Event Reporting Telematics Unit Architecture

Event reporting telematics units are utilized in vehicles to
determine, record, and/or report detected events related to
behavior of the operation of a vehicle and to accurately deter-
mine the location of those detected events. An event reporting
telematics unit in accordance with an embodiment of the
invention is conceptually illustrated in FIG. 2. The event
reporting telematics unit 200 includes a processor 210. The
processor 210 is configured to detect an event and determine
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an accurate location corresponding to the detected event. In
several embodiments, the processor 210 is configured to
accumulate data related to a detected event for later analysis
or transmission to a separate device. In many embodiments,
the processor 210 is configured to detect multiple events. In a
number of embodiments, the processor 210 is configured
using event detection profiles to determine when an event has
been detected.

The processor 210 is in communication with a first vehicle
sensor 220. In many embodiments, the processor 210 is in
communication with one or more additional vehicle sensors
230. The first vehicle sensor 220 and the one or more addi-
tional vehicle sensors 230 can include, but are not limited to,
GPS receivers, accelerometers, compasses, altimeters,
impact detection sensors, temperature sensors, and vibration
sensors. The processor 210 is configured to detect events
using data received using the first vehicle sensor 220. In many
embodiments, the processor 210 is configured to detect
events using data received using one or more of the additional
vehicle sensors 230. In a number of embodiments, the pro-
cessor 210 is configured to correlate data received using the
first vehicle sensor 210 with data received using one or more
of the additional vehicle sensors 230. In several embodi-
ments, the processor 210 is configured to determine location
information using the first vehicle sensor 210 based on infor-
mation received using the first vehicle sensor 210 and/or one
or more additional vehicle sensors 230.

The processor 210 is connected to a storage device 212
configured to store information related to a detected event,
including information collected using the first vehicle sensor
220 and/or the additional vehicle sensors 230. In several
embodiments, the storage device 212 is configured to store
event detection profiles. In many embodiments, the processor
210 stores the location of detected events using the storage
device 212. In a number of embodiments, the processor 210
stores several locations using the storage device 212 for later
correlation with collected information. In many embodi-
ments, the storage device 212 is configured to store a software
application that configures the processor 210 to perform event
detection with accurate location reporting.

In several embodiments, the processor 210 is connected to
a communication interface 214. In accordance with embodi-
ments, communication interface 214 includes, but is not lim-
ited to, vehicle bus interfaces, cellular data radios, Ethernet
interfaces, wireless network interfaces, universal serial bus
(USB) interfaces, and serial interfaces. In a number of
embodiments, the processor 210 is configured to transmit
detected events using the communication interface 214. In
many embodiments, the processor 210 is configured to trans-
mit information measured using the first vehicle sensor 220
and/or the additional vehicle sensors 230 using the commu-
nication interface 214. In a number of embodiments, the
processor 210 is configured to transmit data using the com-
munication interface 214 in real-time. In several embodi-
ments, the processor 210 is configured to transmit data using
the communication interface 214 on a schedule. In many
embodiments, the processor 210 is configured to transmit
data using the communication interface 214 upon receiving a
request to transmit data. In a number of embodiments, the
processor 210 is configured to receive event detection profiles
using the communication interface 214.

A number of event reporting telematics units in accordance
with embodiments of the invention are described above with
respect to FIG. 2; however, a variety of event reporting
telematics units can be utilized in accordance with embodi-
ments of the invention. Processes for location reporting of
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detected events in the operation of a vehicle in accordance
with embodiments of the invention are discussed further
below.

Location Reporting of Detected Events

In order to accurately determine the location of a detected
event occurs, event reporting telematics units record the loca-
tion of the vehicle at the start of the detected event with a
certain degree of accuracy. A process for determining the
location for the start of a detected event is illustrated in FIG.
3. The process 300 includes receiving (310) one or more
factors related to the operation of the vehicle. Event detection
begins (312). The event detection completes (314). The fac-
tors are correlated (316) to the detected event. The location of
the start of the detected event is determined (318).

In many embodiments, the received (310) factors related to
the operation of the vehicle include, but are not limited to,
location information, speed, heading information, accelera-
tion information, and ignition status. In a variety of embodi-
ments, a timestamp is associated with one or more of the
received (310) factors. In several embodiments, event detec-
tion begins (312) once one or more of the received (310)
factors exceed a threshold value; the threshold value can be
pre-determined and/or determined dynamically. In many
embodiments, a timestamp is associated with the beginning
(312) of the event detection. In a number of embodiments,
multiple event detections can begin (312) using the same
received (310) factors. In many embodiments, event detection
completes (314) once one or more of the received (310)
factors fall below a threshold value. In a variety of embodi-
ments, a timestamp is associated with the completion (314) of
the event detection. Correlating (316) factors includes filter-
ing the received (310) factors in many embodiments of the
invention. In several embodiments, correlating (316) received
factors includes comparing timestamps associated with the
factors. In a number of embodiments, determining (318) the
location of the detected event utilizes the correlated (316)
factors and/or timestamps associated with the factors. In
many embodiments, beginning (312) event detection
includes recording the location of the vehicle at that time
and/or the time the location is recorded; this recorded location
is the determined (318) location for the detected event. In a
variety of embodiments, determining (318) the location for
the detected event includes performing dead reckoning using
the recorded location and/or the time the location was
recorded.

In several embodiments, the received (310) factors are
related to determining if a vehicle is traveling at a rate of
speed exceeding a threshold value; the threshold value can be
determined dynamically, such as based on weather conditions
or location, or pre-determined. In many embodiments, the
received (310) factors are related to determining if a vehicle
has crossed a physical boundary. In a variety of embodiments,
the received (310) factors are related to determining if a
vehicle has deviated from a route; the route can be determined
dynamically or be pre-determined. A number of factors can
be correlated (316) with a detected event, including, but not
limited to, the speed of a vehicle over a period of time, the
acceleration of a vehicle over a period of time, the location of
the vehicle at one or more points in time, the altitude of the
vehicle over a period of time, the voltage, resistance, or cur-
rent associated with one or more sensors, busses, and/or
inputs in the vehicle, and/or data received via one or more
sensors installed in the vehicle. Other factors not specifically
listed can be utilized in accordance with a variety of embodi-
ments of the invention.

Although specific processes for determining the location of
a detected event are discussed above with respect to FIG. 3,
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any of a variety of processes, including those that obtain
information related to the location, velocity, and/or accelera-
tion of a vehicle, can be performed in accordance with
embodiments of the invention. Processes for the location
reporting of detected acceleration events in accordance with
embodiments of the invention are discussed below.
Location Reporting of Detected Acceleration Events

Many events detected by event reporting telematics units
during the operation of a vehicle correspond to vehicle behav-
iors including a sudden acceleration or deceleration of the
vehicle. A process for determining the location for the start of
a detected event based upon acceleration information is illus-
trated in FIG. 4. The process 400 includes detecting (410)
acceleration exceeding an acceleration threshold value. Loca-
tion information is determined (412). Speed information is
determined (414). Heading information is determined (416).
When the detected (418) acceleration falls below the accel-
eration threshold value, the duration of the acceleration is
calculated (420). If the calculated (420) acceleration duration
falls within (422) an acceleration duration window, an event
report is generated (424) and the process completes. If the
calculated acceleration duration does not fall within an accel-
eration duration window, an event report is not generated
(424).

In several embodiments, the determined (412) location
information, determined (414) speed information, and/or the
determined (416) heading information is associated with a
timestamp indicating the time the location information, speed
information, and/or heading information was determined. In
many embodiments, the acceleration threshold and/or the
acceleration duration window is determined dynamically. In
several embodiments, the acceleration threshold and/or the
acceleration duration window is pre-determined. A number of
embodiments of the invention include a plurality of accelera-
tion thresholds and/or acceleration duration windows. In
many embodiments, the acceleration threshold and/or the
acceleration duration window is provided by an event detec-
tion profile. In a variety of embodiments, detecting (410)
acceleration exceeding a threshold value and/or detecting
(418) acceleration below a threshold value is associated with
a timestamp at the time the threshold value is exceeded. In
several embodiments, the generated (424) report includes the
location information determined (412) at the beginning of the
detected event. In a number of embodiments, the generated
(424) report includes filtered location information generated
using the determined (412) location information, determined
(414) speed information, and/or determined (416) heading
information. In a variety of embodiments, the generated (424)
report includes an event start time determined using the
timestamps associated with the determined (412) location
information, determined (414) speed information, and/or
determined (416) heading information.

Specific processes for determining the location for the start
of a detected event based upon acceleration information are
discussed above with respect to FIG. 4; however, a variety of
processes, including those that obtain information other than
location, speed, and heading information, can be performed
in accordance with embodiments of the invention. Processes
for correlating vehicular factors with detected events in accor-
dance with embodiments of the invention are discussed
below.

Location Reporting of Detected Input Changes

Many events involving a vehicle that can be detected using
event reporting telematics units are indicated by a change in
an input or output (I/O) of the vehicle. However, not every 1/O
change corresponds to an event and the event may not be
detected within a time threshold corresponding to when the
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1/O changes. A process for correlating changes in I/O in a
vehicle to detected events in illustrated in FIG. 5. The process
500 includes detecting (510) an 1/O change. An event is
detected (512). The completion of the event is determined
(514). A determination is made if the I/O change is related
(516) to the detected event. If the event is related (516) to the
1/0 change, the event is correlated (518) with the /O change.

In many embodiments, the detected (510) I/O change is
related to the ignition state of the vehicle. Systems and meth-
ods for determining ignition state for a vehicle are disclosed
in U.S. patent application Ser. No. 12/917,234, titled “Sys-
tems and Methods for Virtual Ignition Detection” and filed
Now. 1, 2010, the entirety of which is hereby incorporated by
reference. In a number of embodiments, the detected (510)
1/O change is a change in voltage. In several embodiments,
the detected (510) I/O change is a change in the current of an
input and/or an output. In a variety of embodiments, the
detected (510) 1/O change is a change in the resistance of an
input and/or an output. A variety of detected (510) I/O
changes not specifically described can be utilized in accor-
dance with the requirements of many embodiments of the
invention. In many embodiments, a timestamp is associated
with one or more detected (510) I/O changes. In a number of
embodiments, detecting (512) an event and/or determining
(514) ifthe I/O change is related to the event can be performed
utilizing a process described above with respect to FIG. 3;
other processes can be utilized in accordance with a variety of
embodiments of the invention. In a number of embodiments,
timestamps associated with a detected (510) I/O change are
utilized in detecting (512) an event and/or determining (514)
if the /O change is related to the event. In accordance with a
number of embodiments, a detected (512) event includes one
or more factors, where the factors describe conditions corre-
sponding to the detected (512) event. In many embodiments,
an [/O change is related (516) to an event if the I/O change is
afactor in the event. In a variety of embodiments, the detected
(510) I/O change occurs before the event is detected (512). In
several embodiments, correlating (518) an /O change with an
event includes determining that the start of the detected (512)
event is within a threshold value of the detected (510) /O
change. This threshold value can be determined dynamically
or pre-determined. In a number of embodiments, correlating
(518) an I/O change with an event includes associating a
factor related to the I/O change and/or a timestamp associated
with the I/O change with the event.

Specific processes for correlating I/O changes in a vehicle
with detected events is described above with respect to FIG.
5; however, a variety of processes can be performed in accor-
dance with embodiments of the invention. Processes for cor-
relating information with a collision event in accordance with
embodiments of the invention are discussed below.
Location Reporting of Collision Events

When a collision occurs, a variety of data can be captured
by sensors installed in a vehicle. Data relevant to a collision
can be captured before the collision occurs by an event report-
ing telematics unit. A process for the location reporting of
collisions events in accordance with an embodiment of the
invention is illustrated in FIG. 6. The process 600 includes
detecting (610) a sudden stop in a variety of embodiments.
Crash information is detected (612). A collision event is
determined (614). The collision event is correlated (616) with
the sudden stop.

In many embodiments, a sudden stop is detected (610) by
measuring the acceleration of the vehicle using an accelera-
tion sensor. In a variety of embodiments, a sudden stop is
detected (610) by measuring the location of the vehicle using
alocation determination device. Other methods for determin-
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ing a sudden stop not specifically described can be utilized in
accordance with a number of embodiments of the invention.
In a number of embodiments, a timestamp is associated with
the detected (610) sudden stop. In several embodiments,
crash information is detected (612) via one or more sensors,
including, but not limited to, airbag deployment sensors,
impact sensors, orientation sensors, and location sensors. In
many embodiments, crash information can be detected (612)
utilizing acceleration information captured using a 3-axis
accelerometer. Systems and methods for calibrating and mea-
suring acceleration information are disclosed in U.S. patent
application Ser. No. 13/622,844, incorporated by reference
above. Other sensors not specifically listed can be utilized in
accordance with a variety of embodiments of the invention. In
anumber of embodiments, a timestamp is associated with the
detected (612) crash information. A variety of processes can
be utilized to determine (614) if a collision event has occurred
in accordance with many embodiments of the invention,
including, but not limited to, the processes described above
with respect to FIG. 3. In a variety of embodiments, deter-
mining (614) if a collision event has occurred includes detect-
ing (610) if the vehicle has suddenly stopped. In many
embodiments, a timestamp is associated with the determined
(614) collision event. In several embodiments, determining
the location of the crash event includes correlating (616) the
detected (614) collision event with the detected (612) colli-
sion information includes correlating (616) detected (612)
collision information occurring prior to the detected (610)
sudden stop. In several embodiments, correlating (616) the
detected (614) collision event with the detected (612) colli-
sion information utilizes the location of the detected (610)
sudden stop and/or timestamps associated with the detected
(614) collision event, the detected (612) collision informa-
tion, and/or the detected (610) sudden stop.

Specific processes for determining the location for the start
of a collision event based upon acceleration information are
discussed above with respect to FIG. 6; however, a variety of
processes can be performed in accordance with embodiments
of the invention.

Although the present invention has been described in cer-
tain specific aspects, many additional modifications and
variations would be apparent to those skilled in the art. It is
therefore to be understood that the present invention can be
practiced otherwise than specifically described without
departing from the scope and spirit of the present invention.
Thus, embodiments of the present invention should be con-
sidered in all respects as illustrative and not restrictive.
Accordingly, the scope of the invention should be determined
not by the embodiments illustrated, but by the appended
claims and their equivalents.

What is claimed is:
1. An event reporting telematics unit configured to report
the location of events, comprising:
a first sensor configured to determine sensor information;
a storage device configured to store sensor information and
an event reporting application; and
a processor;
wherein the event reporting application directs the proces-
sor to:
receive a first sensor information using the first sensor,
wherein the first sensor information comprises loca-
tion information and a first sensor information times-
tamp associated with the first sensor information;
determine the start of an occurrence of a vehicle event,
wherein the vehicle event is an ignition detection;
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complete the determination of the vehicle event,
wherein the determined event comprises an event
duration;

correlate the first sensor information with the deter-
mined event using the first sensor information times-
tamp;

determine a time corresponding to the beginning of the
determined event based on the first sensor informa-
tion timestamp and the event duration;

determine location data corresponding to the beginning
of the determined event using the location informa-
tion; and

store the determined location data using the storage
device.

2. The event reporting telematics unit of claim 1, further
comprising:

a second sensor; and

wherein the event reporting application further directs the

processor to:

receive a second sensor information using the second
Sensor;

calculate a second sensor information timestamp, where
the second sensor information timestamp is associ-
ated with the second sensor information; and

correlate the second sensor information with the deter-
mined event using the second sensor information
timestamp.

3. The event reporting telematics unit of claim 2, wherein
the event reporting application further directs the processor to
determine the location corresponding to the beginning of the
vehicle event using the information selected from the group
consisting of the first sensor information timestamp and the
second sensor information timestamp.

4. The event reporting telematics unit of claim 2, wherein
the first vehicle sensor and the second vehicle sensor are
selected from the group consisting of an accelerometer, an
airbag deployment sensor, a vibration sensor, a compass, a
voltage measuring sensor, a resistance measuring sensor, a
current measuring sensor, an impact sensor, and a tempera-
ture sensor.

5. The event reporting telematics unit of claim 1, further
comprising:

a Global Positioning System (GPS) receiver; and

wherein the event reporting application further directs the

processor to:

determine a first location using the GPS receiver;

calculate a first location timestamp, where the first loca-
tion timestamp is associated with the determined first
location; and

determine the location corresponding to the beginning
of'the determined event using the first location and the
first location timestamp.

6. The event reporting telematics unit of claim 5, wherein
the event reporting application further directs the processor to
determine the location corresponding to the beginning of the
determined event by performing a dead reckoning process
using the first location, the first location timestamp, the first
sensor information, and the first sensor information times-
tamp.

7. The event reporting telematics unit of claim 5, wherein
the event reporting application further directs the processor
to:

determine a plurality of locations using the GPS receiver;

calculate a plurality of location timestamps corresponding

to one or more of the plurality of locations; and
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estimate the location corresponding to the beginning of the
determined event using at least one of the plurality of
location timestamps and at least one of the plurality of
locations.

8. The event reporting telematics unit of claim 7, wherein
the event reporting application further directs the processor to
determine the location corresponding to the beginning of the
determined event using the first location timestamp and at
least one of the plurality of location timestamps.

9. The event reporting telematics unit of claim 1, wherein
the event reporting application further directs the processor to
calculate the first sensor information timestamp when the first
sensor information exceeds a threshold value.

10. The event reporting telematics unit of claim 1, further
comprising:

a communications device;

wherein the event reporting application further directs the

processor to transmit the determined vehicle event using
the communications device.

11. A method for reporting the location of detected events,
comprising:

receiving a first sensor information using an event report-

ing telematics unit, wherein:

the first sensor information comprises location informa-
tion and a first sensor information timestamp associ-
ated with the first sensor information; and

the event reporting telematics unit comprises a processor
and a storage device in communication with the pro-
cessor;

determining the occurrence of a vehicle event using the

event reporting telematics unit, wherein the vehicle
event is an ignition detection;

completing the determination of the vehicle event using the

event reporting telematics unit, wherein the determined
event comprises an event duration;

correlating the first sensor information with the determined

event using the first sensor information timestamp and
the event reporting telematics unit;

determining a time corresponding to the beginning of the

vehicle event based on the first sensor information
timestamp and the event duration using the event report-
ing telematics unit;

determining a location corresponding to the beginning of

the determined event based on the location information
using the event reporting telematics unit; and

storing the determined location data using the event report-

ing telematics unit.

12. The method of claim 11, further comprising:

receiving a second sensor information using the event

reporting telematics unit;

calculating a second sensor information timestamp using

the event reporting telematics unit, where the second
sensor information timestamp is associated with the sec-
ond sensor information; and
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correlating the second sensor information with the deter-
mined event based on the second sensor information
timestamp using the event reporting telematics unit.

13. The method of claim 12, further comprising determin-
ing the location corresponding to the beginning of the vehicle
event using the information selected from the group consist-
ing of the first sensor information timestamp and the second
sensor information timestamp.

14. The method of claim 12, wherein the first vehicle
sensor and the second vehicle sensor are selected from the
group consisting of an accelerometer, an airbag deployment
sensor, a vibration sensor, a compass, a voltage measuring
sensor, a resistance measuring sensor, a current measuring
sensor, an impact sensor, and a temperature sensor.

15. The method of claim 11, further comprising:

determining a first location using the event reporting

telematics unit;
calculating a first location timestamp using the event
reporting telematics unit, where the first location times-
tamp is associated with the determined first location; and

determining the location corresponding to the beginning of
the determined event based on the first location and the
first location timestamp using the event reporting
telematics unit.

16. The method of claim 15, further comprising determin-
ing the location corresponding to the beginning of the deter-
mined event by performing a dead reckoning process using
the first location, the first location timestamp, the first sensor
information, and the first sensor information timestamp using
the event reporting telematics unit.

17. The method of claim 15, further comprising:

determining a plurality of locations using the event report-

ing telematics unit;

calculating a plurality of location timestamps correspond-

ing to one or more of the plurality of locations using the
event reporting telematics unit; and

estimating the location corresponding to the beginning of

the determined event based on at least one of the plural-
ity of location timestamps using at least one of the plu-
rality of locations using the event reporting telematics
unit.

18. The method of claim 17, further comprising determin-
ing the location corresponding to the beginning of the deter-
mined event based on the first location timestamp and at least
one of the plurality of location timestamps using the event
reporting telematics unit.

19. The method of claim 11, further comprising calculating
the first sensor information timestamp using the event report-
ing telematics unit when the first sensor information exceeds
a threshold value.

20. The method of claim 11, further comprising transmit-
ting the determined vehicle event using the event reporting
telematics unit.
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